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Altered basement membrane protein biosynthesis by primary cultures
of cpklcpk mouse kidney. Previously, kidneys from three-week-old
cpk/cpk C57/B16 mice were found to contain elevated mRNA levels for
the basement membrane components collagen IV and laminin [I]. Here
primary cultures of kidney epithelial cells derived from cpklcpk C57/
Bl6 mice were established and the production of these proteins in
culture was studied. Primary cultures of cpk/cpk mouse kidney epithe-
hal cells were observed to have a more polygonal, flattened morphology
than cells from unaffected littermate kidneys. The rate of collagen LV
and laminin biosynthesis was determined by means of [35S1 labelling
studies followed by immunoprecipitation. Collagen IV and laminin
biosynthesis are elevated by approximately twofold or more in primary
cultures derived from 20-day-old cpk/cpk mice, as compared with
parallel primary cultures derived from their unaffected hittermates.
Similarly, laminin Bi chain mRNA is elevated in primary cultures
derived from 20-day-old cpklcpk mice. In primary cultures derived from
younger (day 11) mice, similar differences in the rates of both collagen
and laminin biosynthesis were not observed between the two culture
types. These observations are consistent with the previously reported
age-dependent differences observed in laminin and in collagen IV gene
expression in both cpk/cpk and wild-type mouse kidneys, and suggest
that the regulation of overproduction of these proteins is due to an
alteration in the kidney cells and not due to systemic factors.
Polycystic kidney disease is a genetically determined renal
disease characterized by the progressive formation of renal
tubular cysts, altered tubular basement membrane, hyperplasia,
and eventually renal failure [2, 3]. Despite the significant
morbidity and mortality associated with human polycystic
kidney disease, the mechanisms underlying renal cyst forma-
tion are poorly understood. A number of animal models have
emerged [4]. Initially, drugs such as diphenylamine (DPA) were
used to induce renal cyst formation in rats or mice. Following
DPA treatment, alterations in the structure and composition of
renal tubular basement membrane were observed [5]. More
recently a mouse strain (cpk) with autosomal-recessive poly-
cystic kidney disease has been described [4—71.Following birth,
cpk/cpk mice progressively develop enlarged renal cysts and
die of renal failure after only three to four weeks of age. Three
weeks after birth steady state mRNA levels for both basement
membrane components collagen IV and laminin were greatly
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elevated [1]. This elevation may possibly result from a primary
genetic defect which is expressed in renal tubular cells. Alter-
natively, the abnormal basement membrane gene expression in
cpklcpk mouse kidneys is the secondary result of another
alteration (such as, renal tubular hyperplasia leading to tubular
obstruction).
Basement membranes are thin extracellular matrices which
separate epithelial cells from underlying stroma [8, 9]. Collagen
IV and laminin account for 70 to 80% of the total protein in
basement membrane. Collagen IV, a heteropolymer composed
of two alpha 1 (IV) chains, and one alpha 2 (IV) chain, has been
proposed to play a structural role in basement membrane [8,
101. Laminin is also a heteropolymer which contains one A
chain, one Bl chain, and one B2 chain [8, 111. Laminin not only
binds to other basement membrane proteins [11, 12], but in
addition elicits cell specific responses including attachment,
growth, polarization and differentiation [11—15]. The genes for
the laminin Bl, laminin B2, and collagen alpha 1 (IV) chains are
not expressed in adult murine tissues in a coordinate fashion
[14]. However these genes appear to be coordinately regulated
in the kidneys of normal and polycystic mice during the first
three weeks after birth [11.
Cell culture studies provide a powerful way of evaluating
whether altered basement membrane expression is an intrinsic
property of polycystic kidney tubule epithelial cells, or whether
this change is simply a consequence of the in vivo tubular
environment. Here we have grown primary cultures of baby
mouse kidney tubule epithelial cells from homozygous cpk mice
and their unaffected littermates in hormonally defined medium
[16—18]. Our investigations indicate that the rate of biosynthesis
of collagen IV and laminin is elevated in primary cell cultures
obtained from 20-day-old homozygous cpk mouse kidneys,
suggesting that the alteration in basement membrane expression
may be a primary defect.
Methods
Culture medium
The basal medium consisted of a 50:50 mixture of Dulbecco's
Modified Eagle's Medium and Ham's F12 Medium containing
15 mM HEPES buffer (pH 7.4), 20 m sodium bicarbonate, 0.5
m sodium pyruvate and 17.5 m glucose (DME/F12). The
water used for the preparation of basal medium was purified
using a Milli-Q reagent grade water system. On the day of use
for cell culture studies, the basal medium (DME/F12) was
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further supplemented with bovine insulin (5 sg/ml), human
transferrin (5 g/ml), triiodothyronine (5 X 10—12 M), hydro-
cortisone (5 x 10_8 M), and Prostaglandin E1 (25 nglml).
Primary baby mouse kidney epithelial cell culture
The method for primary baby mouse kidney cell culture is a
modification of the method described by Taub and Sato [171. In
brief, a single pair of cpk/cpk or unaffected kidneys were
minced into 1 mm pieces, suspended in a culture tube contain-
ing 5 ml DME/F12 supplemented with 1 mg/mI collagenase
(Worthington #4188) and 1 mg/mI soybean trypsin inhibitor,
and incubated at 37°C for 15 minutes with periodic shaking to
facilitate the release of nephron fragments. After incubation the
tube was again shaken, and minced tissue was allowed to settle
to the bottom of the tube by gravity. The supernatant containing
free nephron segments was washed by centrifugation. Collage-
nase treatment of the minced material was repeated two or
three times and tubule segments from the collagenase treat-
ments were pooled. Tubule number in suspensions was deter-
mined using a hemocytometer. Tubules were placed in 35 mm
dishes containing DME/Fl2 with the supplements, and cultures
were maintained at 37°C in a 5% C02/95% air environment.
A single pair of kidneys from either a cpk/cpk mouse or a
mouse with a normal phenotype (this would include heterozy-
gotes) was used for preparing monolayers designated as being
either as cpk/cpk or wild type. The cpk/cpk mice were identified
based upon the enlarged size of their kidneys [1]. Cpk/cpk and
normal kidney cultures were initiated in parallel using kidneys
derived from homozygous cpk mice and their unaffected litter-
mates.
Cell growth studies
Tubules were inoculated at l0 tubules/dish into 35 mm
dishes containing DME/Fl2 with the supplements. After vari-
ous incubation times, cells were removed by trypsinization and
counted using a Coulter counter. Cell numbers were determined
in duplicate.
Measurement of enzyme markers
Alkaline phosphatase and gamma glutamyl transpeptidase
activity were measured as described by Chung et al [19]. To
summarize, the alkaline phosphatase activity was determined
by first washing confluent monolayers twice with phosphate
buffered saline (PBS), pH 8.0, and then incubating the mono-
layers for 10 minutes at 23°C in PBS, pH 8.0 containing 2 mg/mI
p-nitrophenylphosphate. This PBS was then removed, and the
O.D. determined at 420 nm (E420 for p-nitrophenol = 18,300).
The gamma glutamyl transpeptidase activity was assayed by
similarly washing the monolayers twice with PBS, pH 7.4, and
then incubating the monolayers for 10 minutes at 23°C in PBS
containing 2 mg/mI L-gamma-glutamyl-p-nitroanilide. The O.D.
was then determined at 405 nm (E405 for p-nitroanilide = 9,600).
All determinations were made from observations with tripli-
cated cultures, and are expressed as the average the standard
deviation of these measurements.
Protein labelling and preparation of cell extracts
Primary baby mouse kidney cells were grown to confluency
in 35 mm dishes. Cells were labelled for immunoprecipitation
studies by a modification of the procedure of Ledbetter et al
[20]. To summarize, the culture medium was removed, and
replaced with serum free methionine-free Minimal Essential
Medium supplemented with 15 mivi HEPES buffer, pH 7.3
(MEM), and the growth supplements. The cultures were incu-
bated in this medium for 20 minutes to deplete cellular methi-
onine pools. The medium was removed, replaced with 0.5 ml
serum-free methionine-free MEM containing [35S] methionine
(1 mCi/ml), 50 sg/ml ascorbate, 50 j.gIml beta-aminoproprio-
nitrile, as well as the growth supplements. The cells were again
incubated at 37°C in a 5% C02/95% air environment. At the end
of the incubation period, the medium was removed. The cells
were washed with phosphate buffered saline (PBS), and re-
moved from the dish with a rubber policeman into PBS con-
taining 1 mM phenylmethane sulfonyl fluoride, 0.15 M 6 amino-
hexanoic acid and 1 mrvi EDTA. The cells were then scraped
into an eppendorf centrifuge tube, and centrifuged. The cell
pellet was extracted with extraction buffer (0.1 M Tris-HCI, pH
7.2/0.15 M NaCI, 1% Triton X-l00, 1% deoxycholate, 0.1%
sodium dodecyl sulfate, 1.0% aprotinin, and 0.02% NaAzide),
sonicated, and centrifuged. Protein was determined by the
method of Lowry [21].
Immunoprecipitation and polyacrylamide gel electrophoresis
Aliquots of cell extracts were used in equivalent protein
concentrations for immunoprecipitation and for gel electropho-
resis as described by Ledbetter et al [20]. To summarize, the
cell extracts were preabsorbed with preimmune serum and
protein A Sepharose in PTA (PBS, pH 7.2, 0.5% Tween 20,
0.05% SDS, 0.1% bovine albumin and 0.02% NaAzide), to
reduce nonspecific background, then mixed by rotation for two
hours at 4°C with antibody coupled to Protein A-Sepharose in
PTA. The beads in this mixture were then centrifuged, washed
with PTA, extracted with sample buffer (2% SDS/DTT at 100°C
for 3 mm), and removed from sample buffer by centrifugation.
Immunoprecipitates were examined following SDS PAGE
(5%), by the method of Laemmli [22], and subjected to fluorog-
raphy using Autofluor (National Diagnostics; Mamwelt, Mary-
land, USA). When using a two hour [35S]-labelling period,
antigen (either collagen IV or laminin) was detected exclusively
in the gels of cytosolic fractions rather tnan medium fractions
after a three week exposure period to X-ray film. However,
after a seven week exposure period, labelled bands were
detected in medium fractions from cpk/cpk mouse kidney
cultures as is described in Results. The intensity of the bands of
samples derived from cpk/cpk mice and from their normal
littermates was compared by scanning the appropriate lanes in
the autoradiograms using an LKB Ultro Scan XL.
In situ hybridization
The clone for the laminin B I chain (p24) was isolated from a
cDNA library constructed from differentiated F9 teratocarci-
noma cell mRNA [23]. The cDNA insert was excised, and
subcloned into pGEM-2 (Promega Biotech, Madison, Wiscon-
sin, USA). Labelled cRNA ('antisense') probes were prepared
utilizing T7 RNA polymerase, and [35S]-UTP, as previously
described [24]. Briefly, formaldehyde-fixed cultures were pro-
nase treated, prehybridized, and hybridized with probes. Cul-
tures were then treated with RNase A/RNase T, washed in 0.1
x SSC at 52°C for 60 minutes and processed for autoradiogra-
phy.
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Fig. 1. Primaiy cultures ofcpk/cpk and normal mouse kidney epithelial cells. Primary cultures of kidney epithelial cells were initiated from the
kidneys of an 11-day-old cpk/cpk mouse (A, left) and its normal littermates (B, right). Photographs of confluent monolayers were taken at bOx
magnification, and were enlarged 2-fold.
Materials
Hormones, human transferrin and other chemicals for tissue
culture were obtained from Sigma Chemical Corp (St. Louis,
Missouri, USA). Liquid DME/F12 medium was obtained from
Biological Research Facilities (Iammsville, Maryland, USA),
and methionine free MEM was from Flow Laboratories (Hel-
sinki, Finland). [35S] methionine (1000 Ci/mmol) and [355J
UTP were obtained from New England Nuclear Corp (Boston,
Massachusetts, USA). Protein A-Sepharose was obtained from
Pharmacia Diagnostics (Piscataway, New Jersey, USA).
pGEM-2 was obtained from Promega Biotech (Madison, Wis-
consin, USA).
Results
Appearance and growth properties of primary kidney cells
Primary cultures of baby mouse kidney cells were initiated
from the kidneys of cpklcpk mice and their normal littermates.
After the cultures achieved confluency, photographs were
taken of representative microscope fields. Primary cpk/cpk
mouse kidney cells (Fig. 1A) were observed to be more poly-
gonal and flattened than parallel primary cells from an unaf-
fected littermate which were more elongated (Fig. lb). Dome
formation was also observed in primary cpkicpk mouse kidney
cell cultures (Fig. 2), suggesting that the capacity for transepi-
thelial transport is maintained in vitro.
The growth capacity and functional properties of primary
kidney cell cultures derived from cpklcpk mice and their
unaffected littermates was compared. Figure 3 illustrates that
the growth properties of primary cpklcpk mouse kidney epithe-
hal cells and primary cultures of normal mouse kidney epithelial
cells did not differ significantly. The activities of several brush
border enzymes, alkaline phosphatase and gamma glutamyl
transpeptidase, were also measured, and were found not to
Fig. 2. Dome formation by primary cpk/cpk mouse kidney epithelial
cells. Primary cultures of kidney epithelial cells were initiated from the
kidneys of a 9-day-old cpk/cpk mouse. The cells were photographed at
confluency (bOx magnification).
differ significantly in primary kidney cell cultures derived from
cpk/cpk mice and unaffected littermates (Table 1).
Synthesis of collagen IV and laminin by primary kidney cells
from 20-day-old mice
The expression of mRNA for collagen IV and laminin is
altered in cpk/cpk mouse kidneys in vivo [11. As these results
suggest that the rate of biosynthesis of collagen IV and laminin
is elevated in cpk/cpk mouse kidneys, we next tested whether
such elevated synthesis is exhibited in cell culture. After
labelling confluent monolayers of primary kidney epithelial cells
-if
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Fig. 3. Growth of primary cultures of cpk/cpk and normal mouse
kidney epithelial cells. Primary cultures of kidney epithelial cells were
initiated from the kidneys of a 9-day-old cpklcpk mouse (•) and its
unaffected littermate (A), as described in Methods. Cell number was
determined in duplicate dishes over an 11 day period.
Table 1. Enzyme activities of cultured kidney cells
Gamma glutamyl
Alkaline phosphatase transpeptidase
j.unol p-nitrophenol/mg/min s mol p-nitroani!ide/mglmin
Unaffected 120 10 340 7
cpk/cpk 140 30 310 5
Primary kidney cultures were initiated as described by Taub and Sato
[17] using a pair of kidneys derived from either a 3.week-old cpk/cpk
mouse or its unaffected littermate. The cultures were utilized for
enzymatic assays when they achieved confluency. The alkaline phos-
phatase and gamma glutamyl transpeptidase activity of intact mono-
layers were measured as described in Methods, using p-nitrophenol
phosphate, and L-gamma-glutamyl-p-nitroanilide as substrates, respec-
tively. All determinations were conducted using triplicate culture
dishes. The average and standard deviations were calculated.
Fig. 4. Collagen IV and laminin biosynthesis by primary kidney cell
cultures derived from 20 day old mice. The rate of collagen IV (A) or
laminin (B) biosynthesis was determined in primary kidney cultures
initiated from 20-day-old cpk/cpk mice and their unaffected littermates.
The rate of collagen IV biosynthesis was determined in 2 independent
culture sets of cpk/cpk and normal mouse kidneys. A Each lane on the
autoradiogram represents the labelled collagen IV in a primary kidney
culture originating from one individual cpk/cpk mouse (cpk 1), and I
individual unaffected littermate (wt 1) originating from a single litter, as
well as 1 individual cpk/cpk mouse (cpk 2) and 2 individual unaffected
littermates (wt 2a, wt 2b) originating from a second litter (and a second
independent culture set). Similarly, in B, each lane represents the
labelled laminin in a primary culture originating from an individual
cpk/cpk mouse (cpk 2), and 2 individual unaffected littermates (wt 2a
and wt 2b).
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with [35S]-methionine, the labelled collagen IV or laminin was Laminin and collagen IV biosynthesis by primary kidney cells
immunoprecipitated, run on SDS gels, and the gels were from day 11 and 13 mice
subjected to autoradiography. The rate of collagen IV biosyn-
thesis was examined in primary kidney cell cultures derived Kidneys from 20 day old animals were used in the studies
from 20-day-old cpk/cpk mice and their unaffected (or wild type described above because at this age cpklcpk mouse kidneys
[wtj) littermates. Figure 4A shows that collagen IV biosynthesis were previously reported to have dramatically elevated colla-
occurred at a higher rate in primary cpk/cpk kidney cells as gen IV and laminin mRNA levels as compared with normal
compared with primary kidney cultures derived from two kidneys [1]. The rate of biosynthesis of collagen IV and laminin
different unaffected littermates (wt 1 and wt 2). Scanning of the was also examined in primary cultures derived from younger
bands in Figure 4 indicated that the rate of collagen IV animals, when such dramatic differences in mRNA levels were
biosynthesis in the primary cpk/cpk mouse kidney cells was not observed. Figure 5A shows that the rate of biosynthesis of
elevated by more than twofold as compared with the rate collagen IV was not significantly higher in a number of primary
observed in cultures derived from unaffected littermates. Lami- cpk/cpk mouse kidney cell cultures derived from 11 day old
nm biosynthesis by these cultures was also examined. Figure animals, as compared with parallel primary cell cultures derived
4B shows that the rate of biosynthesis of laminin by the primary from their normal littermates. A similar observation was made
cpklcpk mouse kidney cells (cpk 2) was similarly elevated by with regards to primary cultures derived from a number of
approximately li-fold in comparison to a culture derived from 13-day-old cpk!cpk mice and their unaffected littermates.
one of the unaffected littermates (wt 2a), and by twofold in Laminin biosynthesis was similarly studied in primary cul-
comparison to a culture derived from a second unaffected tures derived from ii and 13 day old animals (Fig. 5B). When
littermate (wt 2b). studying laminin biosynthetic rates in primary kidney cultures
be
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200KD
observed in two of three primary cultures derived from unaf-
fected littermates. Moreover, labelled laminin was detectable in
the medium of cultures derived from 13-day-old cpk/cpk mice,
unlike the cultures derived from unaffected littermates (Taub
and Kleinman, unpublished observations).
The rate of laminin biosynthesis in primary cultures derived
from 13-day-old unaffected animals was observed to be signif-
icantly lower than in parallel cultures derived from 11-day-old
unaffected animals. When laminin biosynthetic rates were ex-
amined in primary cultures derived from 11-day-old unaffected
animals and cpk/cpk littermates, differences between cultures
were not observed. These observations can be explained by the
previously reported age-dependence of the differences in lami-
nm and collagen IV gene expression between cpk/cpk mouse
kidneys and unaffected littermates [1], as well as by the
previously observed age-related decline in laminin gene expres-
sion which begins to occur at 11 days in unaffected (as opposed
to cpk/cpk) mouse kidneys [1].
In situ hybridization
To examine whether increased laminin synthesis was re-
flected by increased cellular mRNA for the laminin B 1 chain,
primary kidney cells from 20-day-old cpk/cpk mice were hy-
bridized with an [35S]-labelled cRNA probe for laminin B I chain
200KD mRNA. Significant expression was observed in the cytoplasm
of the primary cpk/cpk mouse kidney cell cultures (Fig. 6),
which was threefold higher than in primary cultures of normal
kidney cells when counting grains/cm2 (Fig. 7). Laminin mRNA
levels were similarly found to be elevated significantly in the
cpk/cpk cultures when counting grains/nucleus (Fig. 7).
Discussion
1 2 3 123 121 23 4
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Fig. 5. Collagen IV and laminin biosynthesis by primary kidney cell
cultures derived from 11 and 13 day old mice. The rate of collagen IV
(A)and laminin (B) biosynthesis was determined in primary kidney cell
cultures derived from 11 day old cpk/cpk mice (cpk Day 11) and 13 day
old cpk/cpk mice (cpk Day 13), as well as their unaffected littermates
(wt Day 11 and wt Day 13). The results of the laminin and collagen IV
biosynthesis studies are illustrated in part a and b of the figure,
respectively. Each lane on the autoradiogram indicates the rate of
collagen (or laminin) biosynthesis by a primary kidney cell culture
initiated from a pair of kidneys obtained from one individual mouse. A.
Illustrates the rate of collagen IV biosynthesis in primary kidney
cultures derived from 3 individual unaffected 11 day old mice (wt 11
Day 1,2,3), and 2 individual unaffected 13 day old mice (wt 13 Day, 1,2).
In addition primary cultures derived from 2 individual 11 day old
cpk/cpk littermates (cpk 11 day, 1,2) and 3 individual 13 day old cpk/cpk
mice (cpk 13 day, 1,2,3) were examined. B. Illustrates the rate of laminin
biosynthesis by primary cultures derived from 3 individual unaffected
11 day old mice (wt Day 11,1,2,3) and 3 individual 13 day old mice (wt
Day 13, 1,2, 3). In addition the rate of laminin biosynthesis by primary
cultures derived from 2 individual cpk/cpk 11 day old mice (cpk Day
11,1,2) and 4 individual cpklcpk 13 day old mice (cpk Day 13,1,2,3,4)
are illustrated.
derived from 13-day-old cpk/cpk mice, the rate of laminin
biosynthesis (as indicated by the levels of [35S] labelled cellular
laminin) was similarly elevated, as compared with the rate
Polycystic kidney disease is characterized by the progressive
formation of cysts within segments of the renal tubules [2—4,
25]. Cyst formation has been proposed to result from a number
of alterations including changes in transepithelial transport,
hyperplasia and defective tubular basement membrane [41. The
reports of heart valve lesions, brain aneurysms and hepatic
cysts in human autosomal dominant polycystic kidney disease
support the contention that cyst formation results from a
basement membrane defect [3, 251. This possibility has been
examined using the cpk mouse, a well characterized model of
the recessive form of polycystic kidney disease. Alterations
have been observed in the mRNA levels for several basement
membrane proteins, collagen IV and laminin, in the kidneys of
homozygous cpk mice [1]. In addition, cpk/cpk mouse kidneys
possess a higher DNA content than normal mouse kidneys [1].
The cpk mouse kidney epithelial cells may express these altered
phenotypes as the direct result of the cpk mutation, or as a
secondary effect.
We examined the possibility that cpk/cpk mouse kidney cells
are inherently defective, using of primary kidney epithelial cell
cultures in defined medium. Our studies indicate that a number
of significant differences exist between primary kidney epithe-
hal cell cultures derived from cpk/cpk mice and the primary
cultures derived from their normal littermates. Primary cpk/cpk
mouse kidney cell cultures exhibit a flattened polygonal mor-
phology unlike the relatively more rounded, and elongated
primary cells derived from normal kidneys. The flattened poly-
gonal morphology of the cpk/cpk mouse kidney cells can
4
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Fig. 6. Expression of laminin BI chain
mRNA in primary cpk/cpk mouse kidney cells.
Primary cell cultures from 20-day-old cpklcpk
mouse kidneys were grown to confluency on
glass coverslips. The primary cells were fixed
with formaldehyde, and processed for in situ
hybridization as described in Methods.
Cellular mRNA was hybridized with a labelled
probe for laminin Bi chain, and the samples
were then subjected to autoradiography for 8
weeks (Methods). Cell cultures subjected to
autoradiography were examined under a
compound microscope. A photograph of a
typical microscope field taken at 400 x
magnificant using Technical Pan film is
illustrated. Label was found primarily over
the cellular, rather than the noncellular areas.
possibly be explained by the alterations in basement membrane
protein biosynthesis. Indeed, primary kidney cultures derived
from 20-day-old cpk/cpk mice exhibited elevated collagen IV
and laminin biosynthesis as compared with primary kidney
cultures derived from their normal littermates. The possibility
was evaluated that the increased rate of laminin biosynthesis of
primary kidney cell cultures from 20-day-old cpk/cpk mice was
associated with an increase in laminin gene expression. In situ
hybridization results indicated that indeed laminin Bi chain
mRNA levels were elevated in such primary cpklcpk mouse
kidney cell cultures.
Differences between primary kidney cell cultures derived
from younger, 11 day old cpk!cpk and normal mice were not
consistently observed. These observations are consistent with
previous in vivo studies [I] where the kidneys from 11 day old
cpk/cpk and normal mice were observed to possess only
minimal differences with respect to their mRNA levels for
collagen IV alpha-i chain and for the laminin B chains. In
normal baby mouse kidneys, these mRNA levels were observed
to decline as the age of the animal increased, unlike cpk/cpk
mouse kidneys. As a consequence, kidneys from older cpk/cpk
mice, 20 days of age, were observed to have dramatically
elevated collagen IV alpha-I chain, and laminin B chain mRNA
levels as compared with normal mouse kidneys.
The increased levels of collagen IV and laminin mRNA
previously observed in three-week-old cpklcpk mouse kidneys
[1] may possibly be explained by a primary defect in a regula-
tory gene whose product is specifically involved in modulating
the expression of the genes for extracellular matrix proteins. As
a consequence, other molecular changes may occur. The in-
creased levels of collagen IV and laminin mRNA in three-
week-old cpk/cpk mouse kidneys may possibly also be the
consequence of a more generalized alteration in gene expres-
sion. Alternatively, the increased levels of collagen IV and
laminin mRNA are the secondary effect of another molecular
alteration.
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Fig. 7. Comparison of laminin BI chain mRNA levels in primary
kidney cell cultures derived from cpk/cpk mice (n), and their normal
littermates (E). Primary kidney cell cultures derived from 20-day-old
cpk/cpk mice and their normal littermates were grown to confluency,
fixed, and hybridized with a probe for laminin B I chain mRNA. The
cultures were then subjected to autoradiography, and examined micro-
scopically, as described in the legend to Figure 6. Photographs of
typical microscope fields were taken, also as described in the legend to
Figure 6. In each 6 1/2" x 4 1/2" print of these photographs, the grains
were counted over areas containing cells. Both the number of grains!
unit area, as well as the number of grains/nucleus were determined in
each microscope field. For each cell type the average number of
grains/unit area (or per nucleus) and the standard deviation was
calculated from determinations made in three different microscope
fields. A total grain count of 1078 grains/363 cm2, and 268 grains/333 cm2
was made in photographs of cpklcpk and normal monolayers, respec-
tively. The background grain count in cpk/cpk monolayers (0.63 grains!
cm2) could not account for the elevated grain count observed in the
cpk/cpk monolayers, as compared with control monolayers.
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The increased synthesis of collagen IV and laminin by
primary kidney cell cultures derived from cpk/cpk mice may
ultimately effect the composition of the cells' extracellular
matrix. Indeed, cpk/cpk cell cultures did exhibit secretion of
labelled laminin into the culture medium following a two hour
labelling period, unlike cultures from unaffected littermates.
Yet after a 24 hour period, dramatic differences were not
observed in total laminin levels in the medium between kidney
cell cultures derived from cpk/cpk mice and unaffected litter-
mates (Taub and Kleinman, unpublished observations). The 24
hour results can be explained by increased protease secretion
and activity over the longer incubation period. Further analysis
of medium, however, is not necessarily of interest as the
laminin content in the medium is not an indicator of the majority
of the laminin produced by kidney tubule epithelial cells. The
majority of the laminin secreted by MDCK cells leaves the cells
through their basolateral surface [261, and thus would remain on
the surface of the tissue culture plastic dish. Nevertheless, the
possibility cannot be excluded that other alterations have also
occurred in cpk/cpk cells (such as an alteration in collagenase
IV activity), which ultimately are responsible for alterations in
the composition of the extracellular matrix.
Other changes previously observed in cpk/cpk mouse kid-
neys include cellular hypertrophy [1, 27, 28], and increased
Na/K ATPase activity [28, 29]. Although an increase in the
activity of the Na/K ATPase may conceivably result in an
increase in the rate of transepithelial ion transport and cyst
formation, the Na/K ATPase itself can be affected by the
hormonal milieu, and the cells' growth state [29, 30]. Of
particular interest in these regards, corticosterone levels have
been reported to be significantly elevated in the cpk!cpk mouse
[31]. Adrenal corticosteroids are modulators not only of renal
Na/K ATPase [30], but also of basement membrane protein
metabolism [32]. In these studies, however, differences in the
rate of laminin and collagen IV biosynthesis were observed in
primary kidney cultures derived from cpk/cpk mice and from
their unaffected littermates, under conditions where the steroid
levels did not differ between the two cell types.
The distribution of the Na/K ATPase in renal plasma
membranes has also been proposed to be a factor influencing
renal cyst formation in the polycystic kidney [33]. In normal
renal tubule epithelial cells in vivo, the Na/K4 ATPase is
localized specifically in the basolateral membrane. Presumably,
the Na pump is similarly localized in primary cpk/cpk mouse
kidney monolayers, as domes (indicators of transepithelial
transport) are observed in such monolayers. However in cul-
tured renal tubular epithelial cells, the Na/K ATPase is not
necessarily always distributed in a polarized manner. The
Na/K ATPase becomes localized specifically in MDCK
basolateral membranes only after MDCK cells achieve conflu-
ency [34]. This polarization has been attributed to the interac-
tion of the Na/K ATPase with membrane skeletal fodrin [32].
Epithelial cell polarization in vitro has also been observed to be
modulated by the extracellular matrix and laminin [11, 35].
Recently, the laminin A chain in particular has been implicated
as being responsible for the establishment of polarization in
developing renal tubular cells [13].
The renal hypertrophy observed in cpk/cpk mouse kidneys is
associated with increased c-myc proto-oncogene expression
[36]. The hypertrophy and c-myc oncogene expression may be
the consequence of altered basement membrane gene expres-
sion, or a separate result of the genetic alteration in the
homozygous cpk mice. However, under the conditions utilized
in the in vitro studies described here, primary cultures of
cpklcpk mouse kidney cells did not exhibit dramatic differences
in their growth properties as compared with similar cultures
derived from unaffected littermates. Nevertheless, an elevated
rate of laminin and collagen IV biosynthesis was observed in
primary kidney cell cultures derived from 20-day-old cpklcpk
mice.
The altered basement membrane protein biosynthesis ob-
served in primary cpk/cpk mouse kidney cell cultures may be
due to an alteration occurring in a specific type of kidney tubule
cell (that is, those being cultured in this study). Previous
investigations indicate that the primary baby mouse kidney
monolayers exhibit a number of properties typical of MDCK
cells (and tubular epithelial cells located in more distal nephron
segmants), but lack a distinctive proximal tubule marker, Na
dependent sugar uptake [17]. Alkaline phosphatase and gamma
glutamyl transpeptidase activities did not differ significantly in
primary baby mouse kidney cell cultures derived from cpklcpk
mice and unaffected littermates, indicating that similar cell
populations were indeed being cultured.
In mice homozygous for the cpk trait, the predominant sites
at which cysts are observed three weeks after birth are the
collecting tubules [27]. Although initially in utero, cysts are
observed in the renal proximal tubules [7, 27], the predominant
site at which cysts are observed switches [27]. The age-related
alterations in basement membrane protein synthesis observed
in the primary cpk/cpk mouse kidney cells in this investigation
may very well reflect this age-related change in the site of
nephron involvement.
Alternatively, the age-related alterations in basement mem-
brane protein biosynthesis in primary cpk/cpk mouse kidney
cells may reflect a generalized age-dependent change in gene
expression in all of the kidney cells in cpk/cpk mice. Previous in
situ hybridization studies have indicated that the levels of (IV)
collagen mRNA are abnormally high in the renal cysts of
three-week-old cpklcpk mice. Nevertheless, the basement
membrane components in large renal cysts at this time are only
weakly detectable by immunostaining, unlike other regions of
the nephron. Thus, the unusually high level of collagen IV gene
expression in the cysts of older cpk/cpk mice may be the
consequence of a cellular response to this localized reduction in
the levels of basement membrane proteins, rather than the
result of a primary genetic defect in the regulation of collagen
IV gene expression.
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